Introduction
α-Fluoro-α,β-unsaturated esters have been used as building blocks or key intermediates for the synthesis of the fluorinated analogs of natural compounds having a fluorine atom on their double bonds because they can be stereoselectively prepared by the Horner-Wadsworth-Emmons reaction using ethyl 2-fluorodiethylphosphonoacetate [1] [2] [3] [4] [5] [6] [7] [8] . On the other hand, only few methods had been reported for the stereoselective synthesis of β-fluoro-α,β-unsaturated esters [9] .
Recently, we reported the stereoselective synthesis of (E)-isomer of β-fluoro-α,β-unsaturated esters by methoxycarbonylation of (E)-2-fluoro-1-alkenyliodonium salts obtained from 1-alkynes and iodotoluene difluoride [10, 11] . 3 However, the stereoselective synthesis of the (Z)-isomer of β-fluoro-α,β-unsaturated esters still remained undeveloped. Quite recently, we found that (Z)-2-fluoro-1-alkenyliodonium salts (1) can be stereoselectively prepared from 1-alkynyl(phenyl)iodonium salts [12] . We now report here the stereoselective synthesis of the (Z)-isomer of β-fluoro-α,β-unsaturated esters (2) from the (Z)-2-fluoro-1-alkenyliodonium salts (1) (Eq. (1)).
(eq 1)
Results and discussion
The methoxycarbonylation reaction of (Z)-2-fluoro-1-dodecenyl(phenyl)iodonium tetrafluoroborate (1a) was carried out using PdCl 2 as a catalyst and Et 3 N as base which were used in the reaction of (E)-isomers [11] . F and H at C 2 is 31.1 Hz in 2a which is larger than that of (E)-isomer (J = 19.1 Hz) [9] and support that F and H are in trans-relationship on double bond [9] . Under the reaction conditions, functional groups such as an ester, ketone, chloride remained unchanged and various (Z)-β-fluoro-α,β-unsaturated esters could be synthesized in good yields as shown in Table 1 .
( Table 1) 
Conclusion
We succeeded to synthesize (Z)-β-fluoro-α,β-unsaturated esters (2) stereoselectively by the Pd catalyzed methoxycarbonylation reaction of the (Z)-2-fluoro-1-alkenyliodonium salts (1).
As we previously succeeded in the stereoselective synthesis of (E)-β-fluoro-α,β-unsaturated esters, now both (E)-and (Z)-isomers of β-fluoro-α,β-unsaturated esters can be stereoselectively prepared.
Experimental

General methods
The IR spectra were recorded using a JASCO FT/IR-410. The 1-alkynyl(phenyl)iodonium tetrafluoroborates 1 were prepared from the corresponding alkynes [13] .
Preparation of (Z)-2-fluoro-1-dodecenyl(phenyl)iodonium tetrafluoroborate (1a).
In a Teflon TM PFA vessel were placed 1-dodecynyl(phenyl)iodonium tetrafluoroborate (228 mg, 0.5 mmol) [13] , a 20% hydrofluoric acid (500 mg, 5 mmol), and CHCl 3 (2 ml) and the mixture was vigorously stirred for 6 h at 60 ºC. The reaction mixture was poured into a 5% aqueous solution of NaBF 4 (20 ml) and extracted with (CH 2 ) 8 C Table 1 
